REMARKS 

In the Final Office Action dated May 23, 2007, claims 1-24 are pending and are under 
consideration. Claims 1-24 are rejected as allegedly obvious over U.S. Patent No. 4,675,296 to 
Lehmussaari et al. ("the '296 patent") in view of Marinchenko et al. (Appl Biochem. Microbiol 
15(6): 670-73 (1979)) ("Marinchenko"). 

Applicant has amended Claim 1 by reciting that the cereal is ungerminated. Support 
for the term "ungerminated" is found on the bottom of page 4 of the specification. No new 
matter is introduced by the amendment to Claim 1 . 

This Response addresses the Examiner's only rejection. Applicant therefore 
respectfully submits that the present application is in condition for allowance. Favorable 
consideration of all pending claims is therefore respectfully requested. 

The Examiner has maintained the rejection of Claims 1-24 as allegedly obvious over 
U.S. Patent No. 4,675,296 to Lehmussaari et al. ("the '296 patent") in view of Marinchenko et al. 
(Appl. Biochem. Microbiol. 15(6): 670-73 (1979)). 

The '296 patent is directed to a process for preparing a commercial (3-amylase product 
from whole or at least partially dehusked barley grain by extracting the grain with water, which 
may contain a reducing agent. As described in column 2, lines 30-40 of the '296 patent, the grain 
surfaces in the barley grain act as a semi-permeable filter, allowing the |3-amylase and some low 
molecular weight substances to pass into the water. In other words, the '296 patent teaches that 
the grain's surface should be kept intact to maintain the grain surface so that it can act as a filter. 
Moreover, the '296 patent does not utilize cellulase to extract (3-amylase from the barley grain. A 
review of the '296 patent clearly reveals that the '296 patent does not teach, disclose or suggest or 
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even recite the use of cellulase in its process for preparing the p-amylase product, a position with 
which the Examiner agrees. 

On the other hand, the present invention recognizes that the use of the enzyme 
cellulase in a process of extracting p-amylase from cereal grains surprisingly improves the yield 
of p-amylase and reduces the extraction time. The cereal grains in the present invention can be 
unhusked, dehusked, milled, ground or polished grains. In contrast to the present invention, the 
f 296 patent specifically teaches that the grain surface layer underneath the husk should be kept 
intact so that the surface layer can function as a filter to obtain a p-amylase with minor 
impurities. Since cellulase breaks down the surface structures underneath any husk of a living 
grain, the use of cellulase in extracting p-amylase from cereal grains, as presently claimed, 
would contradict the teaching in the f 296 patent. In other words, the '296 patent actually teaches 
away from the use of cellulose, as in the present invention. 

In the Final Office Action, the Examiner alleges that the '296 patent discloses 
extracting p-amylase from ground or otherwise degraded material, such as barley flour. The 
Examiner refers to Example I of the '296 patent. 

However, Applicant observes that the '296 patent obtains a p-amylase extract from 
whole or partially dehusked grains utilizing only reducing agents which, according to the f 296 
patent, convert based p-amylase to free amylase without the use of "arduous purification" steps 
post extraction and without breaking the grain surface. Inasmuch as cellulase breaks down the 
surface structure underneath any husk of a living grain, (see page 6, lines 9-16 of the instant 
application), the ! 296 patent would not utilize cellulase and actually teaches away from the use of 
cellulase as it breaks the grain's surface. As acknowledged in the '296 patent, the prior art has 
already disclosed the use of ground or crushed grains for extracting p-amylase. 
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Example I of the '296 patent merely demonstrates that the use of whole or dehusked 
barley (without breaking grain surface) can yield 35% of extractable P-amylase, and at the same 
time the p-amylase extract prepared from whole or dehusked barley contains fewer other grain 
ingredients than the P-amylase extract prepared from ground and crushed grains. 

Thus, Applicant respectfully submits that based on the teaching of the '296 patent, 
adding cellulase to the barley used in the '296 patent, including the dehusked barley, would break 
the grain surface structures underneath the husk, thereby destroying the use of the grain surface 
layers to act as a filter and block other grain ingredients from mixing with the p-amylase extract, 
as required in the '296 patent. Thus, Applicant respectfully submits that the '296 patent would 
not have provided any motivation to those skilled in the art to consider using cellulase in the 
process. 

The Examiner has alleged in the Final Action that the secondary reference to 
Marinchenko provides the motivation to use cellulase. The Examiner contends that 
Marinchenko teaches an increase in net amylolytic activity by freeing amylases. The Examiner 
contends that by referencing amylases in the plural, Marinchenko teaches using cellulose to treat 
barley materials to increase both a and (3 amylases. The Examiner alleges that the likelihood 
that p-amylase would also be increased is not excluded. 

Marinchenko teaches enhancing amylolytic activities in malt for saccharification of 
starch used in the brewing industry. It is not used to remove P-amylase from cereal, as in the 
present application. Thus, Marinchenko is directed to a totally different field of use as the '296 
patent and there is no reason to combine its teaching with the '296 patent in the first instance. 
Moreover, the '296 patent teaches away from combining it with Marinchenko. As indicated 
hereinabove, the '296 patent teaches that the grain surface layer underneath the husk should be 
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kept intact so that the surface layers can function as a filter. Thus, it teaches away from the use 
of a substance that breaks down the surface structure, such as cellulose. Accordingly, since 
Marinchenko utilizes cellulose, the '296 patent teaches away from combining it with 
Marinchenko. 

Moreover, Applicant respectfully submits that Marinchenko does not distinguish 
between a and p amylases. It is respectfully submitted that freed a amylase, rather than p 
amylase, is responsible for the increased activities observed by Marinchenko. In this connection, 
Applicant respectfully submits an illustration of a mature cereal grain. See Exhibit A. As shown 
in Exhibit A, a amylase and p amylase are located in totally different parts of the grain in cereal 
(such as barley and wheat). As further illustrated and described by Exhibit D (Enzymers and 
Their Role in Cereal Technology by J.E. Kruger et al., American Association of Cereal 
Chemists, Inc., St. Paul, Minnesota, 1987), particularly on pages 97 and 122, a amylase is 
located in the outer layers, mostly in the pericarp and small amounts are present in the aleurone. 
In contrast, as further illustrated and described by Exhibit B (Wheat Chemistry and Technology 
by Y. Pomeranz, American Association of Cereal Chemists, Inc., St. Paul, Minnesota, 1978), 
particularly, on page 462, all the p amylase is located in the inner parts of the grain in the starchy 
endosperm. Applicant also submits Exhibit C (Cereal Science and Technology by G.H. Palmer, 
Aberdeen University Press, 1989) for clarification of the physical form of the percarp, aleurone 
and endorperm. See, e.g., pagel02 of Exhibit C. 

Applicant respectfully submits that in the malting process, the amount of a amylase 
increases significantly (100-1000 times) in the outer (pericarp) layer. In the brewing of malt, the 
objective is to have as much a amylase available to degrade starch. Therefore, it is 
advantageous in the malting process to use cellulase to increase the total amount of a amylase by 
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releasing it from the hemicellulose-cellulose matrix of the pericarp of the cell wall. 
Marinchenko specifically points out that "the content of free amylases should be promoted by 
enzymes degrading cell walls." See the Abstract of the Marinchenko reference. Applicant 
respectfully submits that this statement by Marinchenko clearly refers to a amylase which is 
present in the cell walls. As mentioned above, p amylase is located in the central starchy 
endosperm part of the grain and not in the cell walls. Applicant also respectfully submits that in 
contrast to the Examiner's allegation, it is well known in the art, such as the teaching in Exhibits 
A-D, that (3-amylase is not enhanced in the malting process. 

Additionally, Applicant respectfully submits that in a brewing or malting process 
such as the one described by Marinchenko, it would not be considered advantageous to use 
cellulase to release (3 amylase so that it would be more easily available, because (3-amylase is not 
located in the hemicellulose-cellulose matrix of the cell wall at all. Marinchenko uses cellulase 
to a free a amylase from the cell walls and Marinchenko 's target of the cell wall is totally 
different from the one in the present invention, i.e. the grain surface. In contrast, the present 
invention is focused on extracting p-amylase located in the central endosperm of the grains and 
not in the cell walls. Thus in contrast to the allegations by the Office Action, Marinchenko does 
not relate to the extracting of p-amylase from a cereal grain. 

Moreover, in contrast to the teaching of Marinchenko, the present invention uses 
ungerminated grains (see bottom of page 4 of the specification) in which the amount of 
a amylase is much lower compared to the a amylase content in the malted grains used by 
Marinchenko. Applicant submits that there is indeed a great difference between malted grains 
such as those used by Marinchenko and ungerminated grains such as those used in the present 
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invention. Thus, Marinchenko does not teach, disclose or suggest the use of ungerminated 
grains. 

In summary, it is respectfully submitted that there is no motivation to combine 
Marinchenko with the 796 patent in the first instance as the '296 patent teaches away from the 
use of a substance, like cellulase, that breaks the grain surface. Moreover, the teachings of 
Marinchenko relate to the use of malt for saccharification of starch for use in the brewing 
industry. Thus the process disclosed in Marinchenko is totally unrelated to the process described 
in the ! 296 patent. 

Further, the '296 patent in combination with Marinchenko does not teach or suggest a 
method for extracting P-amylase from ungerminated cereal, as claimed using cellulase. The 
'296 patent does not utilize cellulase to obtain p-amylase, but just water and optionally reducing 
agents in the absence of cellulase, while Marinchenko utilizes cellulase to remove oc-amylase 
without enhancing (3-amylase. Thus the combination of the primary and secondary reference do 
not teach, disclose or suggest the use of cellulase in extracting p-amylase from ungerminated 
cereal. 

Applicant respectfully submits that the secondary reference to Marinchenko does not 
ameliorate the deficiencies of the primary reference to the '296 patent. The combination of the 
? 296 patent and Marinchenko do not teach the use of cellulase for extracting p-amylase from 
ungerminated cereal as claimed. Therefore, in view of the foregoing arguments and the 
amendments to the claims, Applicant respectfully submits that the present invention is not 
obvious in view of the cited references. 
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As such, the rejection of Claims 1-24 as allegedly obvious over U.S. Patent No. 



4,675,296 to Lehmussaari et al. in view of Marinchenko et al. is overcome, and withdrawal 
thereof is respectfully requested. 



In view of the foregoing amendments and remarks, it is firmly believed that the 



subject application is in condition for allowance, which action is earnestly solicited. 



Scully, Scott, Murphy & Presser, P.C. 
400 Garden City Plaza-STE 300 
Garden City, New York 1 1530 
Telephone: 516-742-4343 
ZY:ab 

Ends.: Exhibits A-D 




Respectfully submitted, 
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CEREALS IN MALTING AND BREWING 
SECTION III 

A: THE COVERING LAYERS AND ALEURONE LAYER 

A.i: The Husk 

The husk (glumes) are leaf-like structures which enclose the developing barley 
grain (Figs 1, 18, 30, 35, 39a,b). The upper dorsal half, which covers the 
embryo, is called the lemma; the lower ventral half is called the palea. The 
lemma usually extends into a serated awn at the distal (non-embryo) end of 
the grain (Fig. 1). Although husk weight can vary, it is about 10 per cent of 
the dry weight of the grain and is held to the underlying pericarp by cuticular 
material (Freemen and Palmer, 1984a). However, some barleys, like Himalaya 
and Nacta are huskless, because like wheat, rye, sorghum, rice and millet 
grains, the husk is normally detached from the grain during threshing. The 
lemma and palea usually overlap. In some barley varieties they do not. This 
feature of the grain can be used to differentiate between varieties and may 
occur in samples which show a tendency to split. 

In commercial practice, husk loss can occur as a result of mechanical damage 
which takes place during (incorrect) combining and conveying. The silica 
content of the husk is reported to be high (Kent, 1983) and contributes to its 
abrasive qualities. Since the pentosan content of the dehusked grain is about 
4 per cent (Table 11), and since the pentosan content of the husk-covered 
grain is about 9.0 per cent, the husk must contain significant quantities of 
pentosan. In contrast, /?-D-glucan results in this Table indicate that the jS-D- 
glucan content of the husk (and pericarp) of the mature grain is negligible. 
The husk also contains cellulose and lignin. Figure 35 shows that the outer 
epidermal cells of the husk are cuticularised (see Freeman and Palmer, 1984a). 
Below the epidermis are thick-walled cells which give the husk its rigidity 
and strength. The inner husk consists of thin walled cells which adjoin the 
cementing (cuticular) material on the surface of the pericarp (Fig. 18). Grain 
impaction damages the inner husk, causing husk loss and reduces the quality of 
the grain for malting and brewing. Germination of partly-dehusked (skinned) 
samples of grains will be uneven, resulting in uneven enzyme development 
and uneven modification, which can cause brewhouse problems (van Eerde, 
1983; Aalbers and van Eerde, 1986). The husk is an important component of 
the coarse fraction of the grist (milled malt). Excessive husk damage can 
impede wort filtration from the mash tun. The husk, like the underlying 
pericarp of mature barley grains usually contain tolerable levels of fungi and 
bacteria (Hannigan and Healy, 1983). As stated above, delays in the harvesting 
of higher moisture barley (> 16%) can lead to excessive development of field 
fungi such as Alternaria, Cladosporium and Fusarium. Storage of high moisture 
grain can lead to unacceptable development of storage fungi such as Penicillium 
and Aspergillus. Weather stained (weathered) barley is often associated with 
fungal activity and, in some quarters, is rejected as malting barley, even 
though it germinates satisfactorily. 
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Figure 17: Shows pericarp, testa, aleurone and adjoining outer area of starchy endosperm 
(soft wheat). P =s Pericarp; T = Testa; AL = Aleurone layer (1 cell deep); N = Nucleus; 
AG = Aleurone grains; OE = Outer endosperm. 




Figure 18: Shows husk, pericarp, testa, aleurone layer and outer areas of the starchy 
endosperm (barley). H = Husk (partly separated from pericarp); P = Pericarp; T = Testa; 
AL = Aleurone layer (3 cells deep). Aleurone cells containing aleurone grains; CW = Cell 
wall; PS = Protein matrix and small starch granules. 
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Ponpipom, 1977), but it is difficult to generalize because both surface erosion 
and channeling and interior hydrolysis occur. 

DEGRADATION OF STARCH DURING END-PRODUCT PROCESSING 
This subject is covered in depth in chapters dealing with the end-product 
processes associated with the different cereals. Note, however, that the 
properties exhibited in dilute solution of a purified carbohydrase may not 
always be the same as in an end-product process, such as breadmaking, where 
water is limited and protection is offered by substrate. For example, the "green* 
a-amylase group in germinated wheat is more thermolabile than the 
"germinated" group (Kruger and Marchylo, 1985). Both groups had identical 
effects, however, in lowering amylograph viscosities, indicating that the high 
starch-water ratio must be conferring added stability to the "green" group. 

III. /3- AMYLASES 

Cereal ^-amylases cleave alternate or-(H4) D-glucosidic linkages in starch 
components in a stepwise fashion from the nonreducing end, resulting in the 
production of 0-maltose. The action of the enzyme stops in the region of o-(l~6) 
D-glucosidic linkages. Complete degradation of linear dextrin chains containing 
an even number of D-glucose residues results in the production of maltose, 
whereas those with an odd number result in the production of maltose and a 
single D-glucose residue. Degradation of branched starch molecules, such as 
amylopectin, results in the formation of maltose and a /3-limit dextrin. 

A. Methods of Determination < 

^-Amylase is difficult to determine in cereals because of the interference I 
normally arising from the presence of a-amylase. This complication may be less| 
important in end-product processing, where measurement of the combined 
effect of the two enzymes may be desirable. For example, in breadmaking, it 
necessary to know that both enzymes are present at the required levels to ensurS 
that sufficient sugars will be produced during the fermentation period. lM 
general, this is accomplished by measuring the amount of reducing sugarf! 
liberated by autolysis of the flour sample being used. For example, the maltosSf 
value ( A ACC, 1 983, Method 22- 15) is a test in which 5 g of flour is mixed with 4jB 
ml of buffer at pH 4.7 for 1 hr at 30° C and the reducing sugars in the filtrate aSl 
determined by the ferricyanide method. Another commonly used method is W 
determination of the gassing power (A ACC, 1983, Method 22-1 1) in which gajj 
production is measured after 6 hr in a fermenting dough. The test suffers fro3| 
the complication that it is strongly influenced by the amount of damaged stanffl 
granules in the flour. H 

A number of the reducing sugar methods for measuring ^-amylase use soIuSh 
starch as substrate, particularly in assessing the amount of the enzyme in barflM 
and raalt. The methods for measuring the reducing sugars vary and may inv oj 
reduction with 3,5-dinitrosaIicylic acid (Bernfeld, 1955) or neocuproine (BurjM 
and MacGregor, 1980) to form a colored complex. Occasionally some trJB 
ment, such as performing the test at pH 3.4 in order to inactivate a-amylasJW 
employed (Warchalewski and Tkachuk, 1978). Such attempts to preferent$M 
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v inactivate a- or ^-amylase are generally not completely satisfactory because the 
: treatment may partially inactivate the desired enzyme. Recently, Mathewson 
, and Seabourn (1983) have described a new method employing />-rtitrophenyl 
i oligosaccharides which specifically measures 0-amylase in cereals in the 

presence of a-amylase. 
Note that ^-amylase is partially bound in cereals. To determine the amount of 

this "bound" enzyme, in addition to buffer-soluble or "free" enzyme, a 

reductant, such as cysteine, or a proteolytic enzyme, such as papain, must be 

added. 

B. Anatomic Distribution and Amounts in Cereals 

During wheat kernel development, the amount of 0 -amylase in the endosperm 
increases (Schwimmer, 1947; Kruger, 1972). As final maturation approaches, 
however, the enzyme becomes increasingly bound, such that only about 20% is 
soluble. This bound enzyme is attached to the glutenin proteins via disulfide 
; bonds (Rowsell and Goad, 1962a, 1962b; Kruger, 1970). The pericarp also 
? contains a ^-amylase component which increases during early kernel 
| development along with pericarp, a-amylase (Kruger, 1972). This enzyme 
disappears at the later stages of kernel development, in contrast to the 
, endosperm ^-amylases. Its role may be to facilitate the early breakdown of 
■ starch in the pericarp. 

Upon germination of wheat and barley, the amount of ^-amylase in the 
endosperm increases several fold, not because of de novo synthesis of new 
enzyme, but mainly because of the proteolytic or disulfide reductase enzyme- 
mediated release of the bound ^-amylase. Okamoto and Akazawa (1980) found, 
however, that part of the ^-amylase of rice is synthesized de novo in the 
scutellum during the early stages of germination. At the later stages, inactive, 
latent ^-amylase components that were associated with the starch granules in the 
endosperm were activated, and the amounts of these components finally 
predominated. 

C. Multiple Forms of 0- Amylase 

The occurrence and nature of multiple forms of /3 -amylase are much more 
complicated than for a-amylase. Not only do a number of forms result from 
genetic variation, but also the multiple forms may aggregate by disulfide bonds, 
either with themselves or with other proteins (Nummi et al, 1965, 1972). 

Tkachuk and Tipples (1966) first noted the existence of three major and two 
minor ^-amylase isoenzymes in mature wheat using ion-exchange 
chromatography. Kruger (1972), using gel electrophoresis, found that two main 
^components were present in the endosperm and that these slowly increased 
Mhroughout development. At the later stages of development, small amounts of 
|four electrophoretically slower components gradually appeared. &- Amylase was 
plso present in the pericarp and consisted of one form. The "free" and "bound" 
p-amylases present in the endosperm had identical electrophoretic abilities. Two 
foiain forms were also found using ion-exchange chromatography (Kruger, 
IJ970), with the free and bound forms again appearing identical. Using isoelectric 
focusing, Kruger (1979) established that one of the components was 



Carbohydrate- Degrading Enzymes / 121 



IZJL I enzymes ana jneir note in thereat lecnnoiogy 



isoenzymes present. This phenomenon may be caused by kernel shriveling and 
the onset of the germination process. However, Penaand Bates (1982) and Peha 
et al (1982) have reported that a-amylase activity does not affect kernel 
shriveling in triticale. 

C. Anatomic Distribution and Amounts in Cereals 

The amount of a-amylase in cereals depends on the natural state of the 
caryopsis, i.e., whether it is immature, resting, or germinated. In wheat and 
barley, a-amylase can be detected shortly after flowering; amounts increase 
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j. I. o-Amylase multiple forms from germinating cereals as separated by isoelectric focusing on a 
gflyacrylamide gel. 



initially, then decrease with further maturation and desiccation. The residual 
content depends on the cultivar. In some cases, cereals may have elevated 
concentrations of a-amylase in the resting state following a wet harvest season 
without any external evidence of germination. This is referred to as incipient 
sprouting. Upon germination of the grain, the concentrations of the enzyme 
increase several hundred fold over a 4- or 5-day period. 

or- Amylase in immature wheat and barley kernels is predominantly located in 
the pericarp, with small amounts present in the seed coat and aleurone. In 
germinated wheat and barley, the anatomic location of the enzyme depends on 
the degree of germination. Although the enzyme is known to be synthesized de 
novo, the actual sites of early synthesis have been the subject of considerable 
controversy; particularly with regard to the respective roles that the scutellum 
and the aleurone tissues play in this process (see Chapter 4). However, the 
enzyme initially appears next to the distal side of the endosperm adjacent to the 
scutellum and aleurone layer. With increasing germination, the enzyme 
progressively penetrates the aleurone and gradually moves toward the nondistal 
end of the caryopsis. 

The total amount of a-amylase and its location in the caryopses of germinated 
or malted kernels have important implications for technological processes. In 
barley, it is desirable to have the starch in the malted kernels completely 
modified or broken down into simple compounds for subsequent fermentation. 
Thus, at the end of the malting process, low amounts and incomplete 
penetration of enzyme lead to "undermodified" malts of poor quality. In wheat, 
on the other hand, low amounts of the enzyme are desirable. The extent of 
penetration into the endosperm, which is reflected by the severity of sprouting, 
has practical quality implications. Thus, the actual distribution of a-amylase in 
the mill fractions themselves can be affected (Kruger, 1982). In practice, removal 
of the later reduction flour streams to minimize the a-amylase content is not 
done, presumably because it is not economically feasible. Another consequence 
of differences in the severity of sprouting is that, because the amount of enzyme 
in the endosperm varies relative to that in the entire kernel, the milling process 
easily removes at least 50-60% of the a-amylase (Kruger and Tipples, 1 980). This ; 
affects the relationship between the Hagberg falling number method for } 
determining a-amylase using ground wheat and the amylograph method { 
using flour. 3 



D. Chemical and Physical Properties 



The a-amylases present in cereals have broadly similar properties but are 
quite different from a-amylases from fungal or bacterial sources. These 
differences are very important in technological processes such as breadmaking.j 
For example, thermal stabilities of a-amylases from cereals are greater thar* 
those of a-amylases from fungal sources but less than those of a-amylases fi 
bacterial sources. Thus, whereas fungal or cereal a-amylase may be used as 
supplement to enhance and sustain gas production, use of bacterial a -amy]; 
can lead to excess dextrinization during the baking process, because of its h: 
thermal stability, and a deterioration of bread quality. 

Although broadly similar, cereal a-amylascs, and even individual isoenzyme 
of a particular cereal, do differ. Some properties for which comparisons can 



